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1 INTRODCTION 

SNNP is one of the regions that bounds southern part of the country. It is characterized by different 

topographic settings suggesting variable climatic conditions. This region dominantly falls in the 

southern section of great Ethiopian rift system that crosses it along NS marking elevated topography 

in the east and west margins. Its regional geology composed of rhyolite and trachyte flow with 

minor basaltic flow, quaternary sediments of alluvio-lacustrine. The lines drawn on the map has to 

do with lineaments created in response to tectonics features.  

Likewise, hydrogeological/ water resource of SNNP directly related to the geological make ups. 

Water resource availability in the region is evident regardless site specificity. Accordingly, the 

client wants create better understanding on groundwater resource of the region in the context of 

addressing the problem of food security prevalent through introduction irrigation. Moreover, it is 

intended to get training of trainers for experts (regional and zonal experts) on fundamental aspects 

of groundwater such as developing strategic method of groundwater study, design and exploitation 

for the intended purpose. The training meant to capacitate the trainers to train others on how to find 

and use groundwater in order to improve the livelihood of the community who lead poor livelihood.  

1.1 Objective 

It is to conduct training for trainers on groundwater study, design and exploitation for irrigation 

purposes. 

1.2 Specific Objective 

• Create awareness on groundwater utilization in the frame work of natural resource 

interdependence; 

• Capacitate zonal and regional experts to confidently under take study and select  productive 

groundwater resource sites; 

• Produce fundamental guide line manual that gives better clue how contextually and 

sustainably make use of groundwater; 

• Show significance of geology/geo-dynamism , hydrogeology and hydro-meterology on 

groundwater occurrence; 

• Able to exploit groundwater and employ for irrigation where it may change the livelihood 

of the community; 
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1.3 Case studies 

There are different groundwater investigation activities carried out in the regions at different level 

of scales. Most of the groundwater resource assessment is aiming to meet the water demand of 

public and domestic services.  However, it is quite difficult to address all groundwater resources 

assessment conducted in the region within this tight time, it would be wise to give emphasis on 

groundwater condition around Butajira. 

1.4 Approach  

There are basic principles followed to carry out groundwater investigation to fulfill the requirement 

of the general and specific objective of groundwater investigation. Generally groundwater 

investigations will be conducted by applying three basic approaches/methodologies and using 

necessary tools (ArcGIS, Global Mapper, Google Earth, Aquachem and Microsoft) to reach up on 

the result through data collection, integration, analysis and interpretation. Basic approaches which 

should be employed to conduct assessment may include: 

• office work; 

• field works, 

• and post field works; 

 During office works, relevant data will be collected from different organization and the collected 

data will be sorted out based on their significances and organized to produce semi processed 

geological and hydrogeological maps. A field survey will be conducted to collect ground truth data 

and to have a general understanding of the study area and then after, a considerable modifications 

may be done to the geological and hydrogeological  maps of the study areas based on the  local 

context and field observations. The topographic setting, regional geology, land cover/ land use, 

location of rain gauge, geological features characterization and stream flow descriptions may be 

accessed during field investigation period. Representative water point locations and data will be 

recorded and collected during those periods.  

During Post field works, data organization, integration, analysis, and interpretations of all relevant 

information and report compilations will be processed for the study area to produce sound resource 

reports which might help decision makers to implement present economic development or for 

future planning. Generally, the phases of these approaches are summarized below to understand 

their components at different level. 
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1.5 Office works 

•  Literature reviewing (technical reports, researches, well completion reports, design reports 

and the likes),  

• Collecting and reviewing of satellite imageries and prepare base maps  

• Water source inventoried database reviewing (springs, hand dug wells, shallow wells, and 

deep wells 

• Reviewing of geological and hydrogeological study reports and maps, topographic map of 

the area,  

• Reviewing of all available information and data (well data including yield, water level, 

water quality, construction details, geological logs of wells in and the surrounding areas), 

• Undertake analysis of secondary water quality data  

• Understanding of the geological & hydrogeological set ups of the catchments through 

observation of the collected and processed data 

• Compile existing groundwater potential analysis results 

• Preparation of geological base map of the study area by compiling from previous 

geological maps and updating using Landsat satellite images interpretations.  

1.6 Field works 

• Geological, structural, geomorphological and hydrogeological studies and observations 

will be conducted for the study areas, with particular emphasis to ground water occurrence 

and movements; 

• Verification of field work with office work will be carried out  

• Geological contact may be identified and at some place contact will be delineated by 

observing topographic setting, vegetation pattern and physical observation of the 

stratigraphic set up of the study areas. 

• Degree of weathering and fracturing condition of each rocks will be identified 

• Hydrogeological features including interconnectivity of primary and secondary porosity of 

each unite may be physically identified 

• Areal extent and thickness, of each unit with respect to groundwater occurrence and lateral 

interconnectivity with each other may be clearly constructed or recognized; 
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• Investigating the influence of slope, lineament density and drainage density on 

groundwater potential;  

•  Preliminary groundwater potential zones will be processed  based on field and secondary 

data; 

• Geophysical sites may be  selected and VES survey will have been carried out at selected 

points for further ground water investigation and relative conformations; 

• postulate the fate of future water quality in the study areas; 

1.7 Data Organization, Integration, and Analysis 

• Preparation/modification of geological, hydrogeological, structural  and geomorphological 

maps by including a collected field data; 

• analyses and interpretation of field data as well as integration with previous geological, 

geological structures, geomorphological and hydrogeological studies may be conducted to 

characterize the study areas and evaluate the groundwater potential; 

• Proposing the exact ground water development sites, minimum penetration depths, 

specifications and methods of developments. 

• Preparation and submission Report 

1.8 Data sources 

The followings are the major potential sources of groundwater information: 

• Woreda water offices; 

• Local communities ; 

• Regional State Water Resources Bureaus; 

• Geological Survey of Ethiopia; 

• Ministry of Water Irrigation and Electricity; 

• Water Works Enterprises; 

•  Private drilling Companies and research papers   

Generally, the following details and summarized methods were applied for the entire 

hydrogeological investigations (Figure 1.1.)  
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Figure 1: Summarized Groundwater investigation methods and Procedures 

 

 

 

 

 



Training manual                                                                      

 ~ 11 ~ 

2 GEOLOGY AND GEO-DYNAMISIM  

2.1 Geology 

Groundwater inevitably occurs in geological formations. The knowledge how these materials 

formed and the changes they have undergone is vital to the hydrologists. The earth is basically 

heterogeneous, and geological knowledge is mandatory to understand the distribution of geological 

materials of varying hydraulic conductivity and porosity.  

A ground-water study of an area necessarily includes a review of previous geological studies. In an 

area of limited geological knowledge, a detailed geological study must be made along with 

groundwater study. The Hydrogeologist is concerned with the distribution of earth materials as they 

affect the porosity and hydraulic conductivity of the earth.  

The results of a geologic study conducted by a groundwater geologist may well differ substantially 

from a study in the same area by a paleontologist or exploration geologist. Earth material would be 

grouped according to similar properties; hydrogeologist most often begin with proper formation 

names that have been assigned, formations may then be grouped according to hydraulic 

characteristics rather than by lithology or fossil species present. For example, some bedding planes 

in a limestone terrain may have been enlarged by solution so as to transmit significant amounts of 

water; a hydrogeologist study might identify these on the basis of outcrop and subsurface data and 

map their location and other geological studies might not even note their occurrence. 

A locality almost always has a variety of geological materials resulting from different geological 

processes. While studying the local geology of an area it is better to understand the regional geology 

in order to identify the different geological features and geological processes that make up the area. 

The occurrence and availability of ground water is dependent on many different but closely related 

geologic factors. Among these factors are rock type, structure, weathering, and topography. 

2.2 Regional geological setting of central Ethiopia 

The area is situated at the contact between western Ethiopian Plateau and western margin of central 

and northern Main Ethiopian Rift (MER), the study area (Figure below), lies within the central part 

of the Ethiopian Volcanic Province.  The regional geology, as outlined in Figure below, comprises: 

• The Archean gneiss, variously reffered to as the Alghe Gneiss of the Lower Complex 
(Kazmin, 1972, 1975), the Alghe Group of Archean age (Tefera et al., 1996), characterized 
by various gneisses (biotite-quartozfeldspathic, quartz-plagioclase-amphibole and quartz-
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biotite-plagioclase gneisses), and migmatite with minor metasedimemtary gneiss that are 
deformed and metamorphosed to amphibolite facies (e.g., Hunting Geology and 
Geophysics, 1969; UNDP, 1972; Kazmin, 1972, 1975; Tefera et al., 1996 ). 

• Proterozoic metavolcano-sediments, named as Tsaliet Group of Upper Proterozoic 
(Kazmin, 1972, 1975) possess metavolcano-sedimentary and mafic-ultramafic rocks 
tightly folded, sheared and metamorphosed to greenschist to lower amphibolite facies (e.g., 
Hunting Geology and Geophysics, 1969; UNDP, 1972; Kazmin, 1972, 1975; Tefera et al., 
1996). These low-grade rocks are subdivided into Tulu-Dimtu, Wadera, Mormora and 
Adola Groups (Tefera et al., 1996). To the west, it possesses Tulu-Dimtu Group composed 
of metabasalt, meta-andesite, greenschist, phyllite, metaconglomerate, quartzite and 
marble. To the east and south, it is composed of Early Proterozoic Wadera Group: 
metasandstone, quartzite, biotite-muscovite schist; Mormora Group: biotite schist, gneiss, 
marble, and graphite schist; and Adola Group: amphibolite, quartzite, and graphitic 
phyllite.  

• Mesozoic marine formations are exposed to the southeast and northwest portion of the map 
area. To the east and west, the lowest exposed unit consists of Triassic to Middle Jurassic 
transgressive sandstone, unconformably deposited on crystalline basement, of Adigrat 
Formation, which passes laterally into limestone and shale sediments of Hamanlei 
Formation (Oxfordian-Kimmerdigian); marl and shaly limestone of Urandab Formation,  
(Kimmerdigian- Tithmiam);  limestone of Gabredarre Formation followed by Cretaceous 
sandstone, conglomerate  and shale of Amba Aradom Formation in ascending order.    To 
the northwest (near the Abay River) the Mesozoic marine formation comprises from oldest 
to youngest Triassic to Middle Jurassic transgressive sandstone unconformably deposited 
on crystalline basement of Adigrat Formation follwed by Late Jurassic-Middle Jurassic 
limestone, shale and gypsum of the Abay Formation; Late Jurassic Limestone of Antalo 
Formation and Cretaceous sandstone, conglomerate and shale of Amba Aradom Formation 

in ascending order. 

• Paleogene basic volcanic cover is widespread in the area. To the north of Yerer-Tulu Welel 
Volcano Tectonic Lineament, it is largely covered by deeply weathered alkaline and 
transitional basaltic flows, often tilted, of Ashangi Formation. This in turn is overlain by 
large and conspicuous shield volcanoes (e.g. Mt. Guna, Mt. Choke and Mt. Belaya) 
comprising alkaline to transitional basalts with minor trachytes and phonolitic flows. To 
the west and east margin of the Main Ethiopian Rift shoulder, it comprises Middle to Late 
Oligocene flood basalt with rare basic tuffs of Aiba Basalts; transitional to subalkaline 
basalts with minor rhyolite and trachytes of Alajae Formation and Middle Miocene 
transitional and alkaline basalts of Tarmaber-Megezez Formation. To the south of Yerer- 
Tulu Welel Volcano Tectonic Lineament, it comprises dominantly of Late Eocene to Late 
Oligocene Jimma Volcanics comprising rhyolite and trachyte flows and tuffs with minor 
basalt in its upper part and flood basalt with minor salic flows in its lower part; and flood 
basalts of Makonnen Basalts, directly overlying on the crystalline basement.  To the 
southwest, it consists of Jimma Basalt and associated silicic rhyolites, locally interbeded 
with minor basalt (Davidson, 1987; Tefera et al., 1996).  
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• The Neogene - Recent volcanics, largely exposed along the Main Ethiopian Rift floor 
proper with few occurrences on the rift shoulder areas.To the northeast, it comprises mildly 
alkaline basalts with subordinate alkaline and peralkaline silicic rhyolite domes and flow 
and ignimbrite of the Afar Series of Miocene-Pliocene age.  To the southwest, it possesses 
ignimbrite, unwelded tuffs, ash flows, rhyolitic flow, domes and trachytes of the Nazret 
Series.  In the central part of the Main Ethiopian Rift, it comprises alkaline basalts of Mursi 
and Bofa Basalts, alkaline basalts and trachyte and trachybasalts of Chilalo Formation. 
alkaline basalt and trachyte of Bishoftu Formation often accompanied by ignimbrite, tuff, 
pumice, waterlain pyroclastic rocks with rare intercalation of lacustrine sediments of the 
Dino Formation separated by alluvial, lacustrine sediments, rhyolite and subordinate basalt, 
rhyolite volcanic centers,  basalt flows spatter cones and hyaloclastites follweed by 
alluvium and lacustrine deposits. 

Tectonically, the area straddles at the contact zone of the Ethiopian Plateau and western margin of 

central and northern Main Ethiopian Rift.  It is bounded to the north by E-W-trending Yerer-Tulu-

Welel Volcano-tectonic Lineament and holds a transition zone between Ethiopian plateau and MER 

forming a remarkable embayment determined by ESE-WNW cross rift structures: Yerer-Gugu and 

Guraghe-Chilalo Lineament which have dextrally displaced the rift margin to the west. 

 

Figure 2: Simplified geological map of central Ethiopia (Modified after Tefera et al., 1996) 
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2.3 Geologic Processes 

The Earth's surface has been subjected to numerous changes and phenomena known as geological 

processes. Cliff erosion, a volcanic eruption, or sedimentation at a mouth of a river are examples 

of these geological processes. The geological agents responsible for these processes are: waves, the 

internal heat of the Earth, or rivers. Geological Processes Are processes which are taking place on 

and within the earth. Geologic Processes affect every human on the Earth all of the time, but are 

most noticeable when they cause loss of life or property. Geological agents and processes are 

classified as internal and external. 

2.3.1 External geological agents and processes 

External geological agents and processes affect the Earth's surface. They are powered by solar 

energy. External processes shape the relief created by internal processes. External agents carry out 

this process are water, ice, wind, atmosphere and human beings. They include all the changes that 

alter or wear down the rocks and deposit materials resulting from erosion. External Geological 

Processes include: 

• Weathering 
• Erosion  
• Mass wasting 

2.3.2 Internal geological agents and processes 

Internal geological agents and processes are drive by the heat that is stored in the Earth's interior. 

They usually occur far from the surface. The main internal geological agent is the movement of the 

lithospheric plates. The most evident and catastrophic events caused by this movement are 

Earthquakes and volcanic eruptions. Others are the movement of the continents, the opening of new 

seas and the closing of old ones, or the formation of mountain ranges. It can be said that internal 

geological processes build the Earth's relief. The Internal Geological Processes include: 

• Earthquakes 
• Volcanism 

Internal agents and processes tend to lift and build the Earth's relief from the interior. External 

agents and processes tend to destroy and shape the Earth's relief. 
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Figure 3: The rock cycle 

 

Figure 4: The plate-tectonic settings of common types of volcanism 
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2.4 Plate Tectonics 

Plate Tectonics is a theory that allows geologists to explain many geologic processes, particularly 

those at or near the earth’s surface (0-100 km). It is a unifying concept.  Central to understanding 

how geologic processes operate - also a predictive model. Prior to this, many geologic processes 

were observed but their underlying causes were not known (for example, why do mountain belts 

occur where and when they do).  Present theory gives a consistent picture by tying together many 

different processes. 

The theory of plate tectonics has done for geology what Charles Darwin's theory of evolution did 

for biology. It provides geology with a comprehensive theory that explains "how the Earth works." 

The theory was formulated in the 1960s and 1970s as new information was obtained about the 

nature of the ocean floor, Earth's ancient magnetism, the distribution of volcanoes and earthquakes, 

the flow of heat from Earth's interior, and the worldwide distribution of plant and animal fossils. 

Plates are large pieces of the upper few hundred kilometers of Earth that move more or less as a 

single unit. It is easier to think of plates as rigid "rafts" floating on the mantle, but some plates also 

have some internal deformation. However, it is clear that the most active deformation of the plates 

occurs along their boundaries, where they interact with other plates. 

 

Figure 5: Map showing 15 of the Earth’s tectonic plates and the approximate rates and directions 
of plate motions (USGS) 
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2.5 Geological Structure 

Geological structure is the study of the permanent deformation and rock failure created by the 

changes in stress through geologic time. Tectonic processes are responsible for the many 

discontinuity planes (fractures, faults, joints) that permeate rock masses controlling their strength, 

stress-strain characteristics and the transmission and storage of fluids. The outcomes of placing 

rock under stress are highly variable, but they include fracturing, tilting and folding, stretching and 

squeezing, and faulting. A fracture is a simple break that does not involve significant movement of 

the rock on either side. Fracturing is particularly common in volcanic rock, which shrinks as it 

cools. 

2.5.1 Strike and Dip 

The orientation of planar features in rocks, such as bedding planes, faults, and joints, can be defined 

by measurements of dip (the downward inclination of the plane) and strike (the direction or trend 

of the plane). The dip of a plane is the angle and direction of its inclination from the horizontal. 

The strike is the compass bearing of a horizontal line on the plane, such as a bedding plane or a 

fault. These two measurements together define the orientation of the planar surface in space. 

 

Figure 6: Orientation of the structure 

2.5.2 Types of geological structures 

There are three fundamental types of geologic structures: 

• bed contacts 

• primary structures - produced during deposition or emplacement of rock body 
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• secondary structures - produced by deformation and other process after rock is 
emplaced 

 

Figure 7: Angular Unconformity 

 

Figure 8: Jointed Rock mass 

2.6 Geological Mapping 

A map is a visual representation of an area - a symbolic depiction highlighting the relationships 

between elements of that space such as objects, regions and themes. A map showing the distribution 

of rock units and structures across a region, usually on a plane surface, is thus a geological map.  
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Geological field mapping is the process of selecting an area of interest and identifying all the 

geological aspects of that area with the purpose of preparing a detailed geological report and a map 

to summarize the report. A geological map will thus show the various rock types of the region, the 

structures, geological formations, geothermal manifestations, age relationships, distribution of 

mineral ore deposits and fossils etc. and all these features may be super imposed over a topographic 

map or a base map. The amount of detail shown in a map depends largely on the scale and a smaller 

scale will naturally disclose finer detail. Basically, the quality of a geologic map will depend upon 

the accuracy and the precision of the field work. Further still quality depends on the completeness 

with which certain data, both geologic and geographic are presented on the maps; and on the care 

with which scale, colours, conventions, etc are chosen to give the best results (Eckel, 1902). With 

the development of technology however, geological maps today are more precise than ever as a 

combination of accurate satellite imagery, aerial photographs, high tech geological equipment and 

Geographic Information Systems (GIS) advancements are applied.  

The interpretation of a geological map depends on training, interest and the techniques used. It is 

also fundamental to be able to visualize scenarios that may have been involved during the formation 

processes of the features displayed as this forms an essential foundation for the analysis of 

geological maps. The ability to form a three- dimensional image from a two dimensional plan is in 

real sense the major part of geologic map interpretation (Bolton, 1989).  

2.7 Phase of geological mapping  

Field mapping projects are carried out in three phases which have a stepwise relationship.  

Phase I: Planning/research  

This phase of mapping is mostly carried out in the office although a short reconnaissance field trip 

may be included. Once a field has been identified for mapping, it is only rational to learn everything 

in its regard so as to make a workable field program. A field program is a step-by-step guide that 

outlines the time to be spent in the field and the objectives of each day thus ensuring successful and 

satisfactory results. Compilation of all available and relevant data is implemented, in an effort to 

avoid duplication of work and most importantly simplify the field study. The number of days spent 

during the research phase may vary based on the purpose of the study, the detail required and 

availability of funds. All possible geological reports and data, including aerial and satellite 

photographs, maps whether topographical, base maps, legislative boundary maps etc. must be 

obtained. The most important document however is the official approval by a government office 

and/or a local community. Without this one may be met with hostility and lack of cooperation by 
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the locals and this may lead to an unsuccessful field study. A budget must also be prepared 

indicating the number of people to be involved in mapping, their daily allowance, fuel costs if 

vehicles are to be used, consumables and a miscellaneous kitty should be included. It is wise to 

involve the local community when employing casuals or language translators as they understand 

their environment better than anyone else and will thus be quick to pinpoint areas that maybe of 

interest. Furthermore, they are in the best suited to relate historical events where necessary. Issues 

that may hinder optimum productivity such as bad weather, wild animals and events of sudden 

sickness must be taken into consideration and planned for appropriately.  

Phase II: Observing/mapping/collecting  

This phase is the focal in any geological field mapping and is carried out in the field for the sole 

purpose of collecting data. This data may be collected in the form of photographs, measurements, 

notes and physical samples. Therefore, one must be fully equipped with all the necessary tools, be 

physically psyched and mentally prepared to make note of not only geological features but of the 

entire surrounding. When good strategy is involved during the planning phase, unfortunate 

incidences in the field are addressed promptly with no major disruptions of the field program. In 

countries like Ethiopia, it is advisable to plan for field studies during the dry seasons. Thus it is in 

the best interest of everyone to commence mapping work very early in the morning so as to 

accomplish a substantial amount of work before the temperatures rise too high. In colder climates 

such as Iceland mapping is usually planned for the summer and may begin at any time of the day 

and extend well into the night as daylight is prolonged to about twenty hours. Thus there should be 

no strict working hours in the field and this should be agreed upon among the field crew. Teamwork 

should be encouraged given that more observations are likely to be made and geological contentious 

issues discussed. A mapping project must be qualitative as well as quantitative. Accuracy whilst 

taking readings should be emphasized and no amount of information is too much therefore all 

possible data should be collected. 

Phase III: Reporting  

It is often said that a report is as good as its data and thus the need to collect good accurate data 

cannot be overemphasized. Ultimately when all possible available data has been collected it is taken 

back to the office or laboratory for sorting, interpretation and analysis. This phase is the most 

challenging of all three as wrong analysis or misinterpretation of data can lead to an inaccurate 

report and in consequence misinformation. The resulting map or model is in most incidences drawn 

by persons of another section (for example cartography) who may have had no involvement in the 

field whatsoever. Thus it is crucial that the data collector, in this case the geologists, work closely 
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with those involved in actual drawing of the map, since they can select the data that is relevant for 

final presentation in the map and that which is not.  

TOOLS AND EQUIPMENT USED IN GEOLOGICAL FIELD MAPPING  

• Maps: During the research phase all existing data and maps of the field in question are 

collected. All suitable maps available whether physical, political, relief, road, physical, and 

topographic should be carried to the field as it is possible that details in one may not be 

present in another. Most importantly for geological fieldwork, a geological map is expected 

to be handy especially as a reference. Depending on the areal extent of the field and the 

detail required, the scale of the map is an important aspect to consider. 

• Aerial photographs and stereoscope: This 3D imagery tool is very vital for all geological 

field work especially where large features such as volcanoes, calderas craters etc. are 

involved. In addition photos are also used to pinpoint thermally anomalous areas in 

geothermal fields when infrared thermography is applied. These photographs are studied 

with the aid of a stereoscope and are put to use before and during the field study; for 

planning in the case of the former and for confirmation purposes in case of the latter. Where 

aerial photographs may not exist, satellite imagery may be used although it may not possess 

the fine detail as seen on the aerial photographs. 

• Compass/Clinometer: A compass is a instrument used for determining direction and has 

recently been supplanted by modern devices such as the Global Positioning System (GPS). 

However when acquiring a clinometer it is advisable to purchase one that has a built in 

compass in it. This is for the reason that a GPS can at times malfunction or it may not locate 

satellites in areas of thick/dense forest cover. A clinometer is an instrument used for 

measuring inclination, tilt and elevation of rock outcrops. This is particularly important in 

areas that have been subjected to tectonic movement. These days, however technology 

advancement ensures quick and easy measurement of strike and dip of a surface (bedding 

plane, foliation, fault plane etc.) in a single action. Unlike a conventional compass or 

clinometer, which needs two actions to fulfil a measurement, you place a GeoClino on a 

surface and measure the strike and dip that significantly saves time and labour. The build-

in GPS makes it possible to measure latitude and longitude that can be saved in the 

GeoClino-G memory along with other measurements. It is also possible to use GeoClino 

as a normal GPS receiver. 
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• GPS (Geographic Positioning System): is a satellite based navigation system comprising 

three basic parts; the satellites in space, monitoring stations on earth and the GPS receivers. 

This equipment is used in geological field mapping for finding ones position, mapping 

lithologies, tracking structures, measuring elevation, storing sampling points and 

descriptions of formations when samples are collected. The GPS functions and capabilities 

are improving rapidly with advancement in technology and as such it is important to 

purchase one that is relatively modern.  

• Geological hammer: is basic equipment for any geologist as it is the tool used for collecting 

samples. The best geological hammers are the ones with a piece chisel head made of 

hardened steel and a rubber coated shock reduction handle. For harder formations, a crack 

geological hammer forged from fine grain carbon steel with fiberglass shaft fitted with 

comfortable shock-absorbing rubber grip, is recommended.  

• Hand held lens: is used to make the first analysis of rock samples in the field before further 

analysis is performed in the laboratories. The analysis needs to be detailed and descriptive 

giving all properties of the sample: rock type, colour, texture, identifiable mineralogy, 

alteration as well as the physical properties such as folding, foliation, intrusions, layering 

etc. 

• Sample bags: which best suit geological samples are canvases in fabric have a sewn in tie 

tape and a label tag on the outside to insert the sample number and location point. Plastic 

bags may be used where the sample is soft, disintegrated or wet. 

• Measuring tape: is important for taking actual measurements of lithologies and structures. 

For instance in lithologies that exhibit layering, it is necessary to measure the thickness of 

each layer precisely, as this can be used as a correlation tool with other similar sequences 

that may be encountered. 

• Field notebook, masking tape, marker pens: All important observations must be written 

down in a concise, orderly and legible manner. The field note book should be hardcover 

for ease when writing and should easily fit into a pocket. Masking tape and marker pens 

are used for labeling samples before they are put into the sample bags. 

• Field camera: is the only back up memory in addition to the notebook. It is very important 

to take photographs of all interesting features ensuring a scale is used in each instance; 

video clips can also be of use. One must also remember to take a GPS reading for each 
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photograph taken. Photographs are important for descriptive purposes especially during 

report writing and for making presentations.  

• Safety clothing: These include sturdy shoes, clothes that are tough in fabric preferably jeans 

or khaki, hat and sunglasses to protect one from the sun  a bag pack, plus a raincoat and 

wellington boots just in case of wet environments. Safety glasses and gloves are important 

especially when hammering rock samples. Safety clothing should aid one to be more 

effective by being comfortable and safe at the same time. 

• First aid kit: Safety in the field is always a priority; nevertheless accidents cannot be ruled 

out thus the need to be prepared with a first aid kit. Furthermore, it is crucial that at least 

one person in the field crew be trained in basic first aid techniques. 

• *Geologist imagination is the most expensive equipment of all. Most of the earth processes 

have never been witnessed in an actual sense. Thus it took the imagination of the early 

scientists to have the models we have today. Most of these models have been tested over 

time and have been proven to be true. Consequently when carrying out geological field 

mapping, one needs to use their imagination when viewing geological formations and 

structures. 
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3 HYDRO-CLIMATE 

3.1    Climate  

The state of the atmosphere with respect to the temperature, humidity, wind, cloudiness etc. at any 

given time is generally referred to as the weather. Therefore, the climate of the region is an 

aggregate of the weather of the region. Since the earth receives uneven solar radiation over its 

surface, this results broadly in different climatic zones.  

3.2 Hydrologic cycle 

The hydrologic cycle is defined as the set of reservoirs and fluxes which hold and move 

water through the atmosphere, on the surface, and in the subsurface of the Earth. With the 

exception of minor amounts of extraterrestrial water brought in by comets, and small 

amounts of water vapor that are lost to outer space at the upper reaches of the atmosphere, 

there is a constant volume of water in the entire water cycle. Within the cycle, there are 

various reservoirs holding water and various processes that move water within reservoirs 

and from one reservoir to the next.  

 
Figure 9: Hydrological cycle (source: USGS) 



Training manual                                                                      

 ~ 25 ~ 

3.3 Hydro-Meteorology 

3.3.1 Precipitation 

Precipitation is the moisture in any form that reaches the earth’s surface from the atmosphere. It is 

the most important meteorological parameter of interest to the hydrogeologist. However, there are 

other forms of precipitation different from rain like hail, sleet, mist, etc. are negligibly small, and 

they are ignored in the design of hydrological works. Since most hydrological problems require a 

knowledge of the average depth of rainfall over a significant area such as a river basin, some 

procedures must be used to connect the rainfall measured at the individual rain-gauges to the areal 

average. In areas where more than one rain gauge is established, following methods may be 

employed to compute the average rainfall: 

• Arithmetic average method  

• Weighing mean method or Thiessen polygon method  

• Isohyetal method. 

3.3.1.1 Arithmetic average method  

This is the simplest method of computing the average rainfall over a basin. As the name suggests, 

the result is obtained by the division of the sum of rain depths recorded at different rain gauge 

stations of the basin by the number of the stations. If the rain gauges are uniformly distributed over 

the area and the rainfall varies in a very regular manner, the results obtained by this method will be 

quite satisfactory and will not differ much than those obtained by other methods. 

�
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Where, Paverage = average depth of the rainfall over the area (mm), ∑P= sum of the rainfall amounts 

(mm) at individual rain-gauge stations, n= number of rain-gauge stations in the area. 

3.3.1.2 Thiessen Polygon Method 

This is the weighted mean method. The rainfall is never uniform over the entire area of the basin 

or catchment, but varies in intensity and duration from place to place. Thus the rainfall recorded by 

each rain gauge station should be weighted according to the area, it represents. This method is more 

suitable under the following conditions: 

• For areas of moderate size; 

•  When rainfall stations are few compared to the size of the basin; 
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•  In moderate rugged areas; 

Thiessen polygon is calculated as: 

��������� ∑��
∑�

 

Where, Paverage = average depth of the rainfall over the area (mm), ∑�� = product of rainfall and 

area of the influential polygon, ∑�= total area of the influential polygon (Km2) 

3.3.1.3 Isohyetal Method 

An isohyetal is a line joining places where the rainfall amounts are equal on a rainfall map of a 

basin. An isohyetal map showing contours of equal rainfall is more accurate picture of the rainfall 

over the basin. This method is more suited under the following conditions: 

• For hilly and rugged areas; 

• For large areas; 

3.3.2 Temperature 

The solar radiation absorbed by the atmosphere and the heat emitted by the earth increase the air 

temperature. The sensible heat of the surrounding air transfers energy to the crop and exerts as such 

a controlling influence on the rate of evapotranspiration. In sunny, warm weather the loss of water 

by evapotranspiration is greater than in cloudy and cool weather.   

3.3.3 Solar radiation   

The evapotranspiration process is determined by the amount of energy available to vaporize water. 

Solar radiation is the largest energy source and is able to change large quantities of liquid water 

into water vapour. The potential amount of radiation that can reach the evaporating surface is 

determined by its location and time of the year. Due to differences in the position of the sun, the 

potential radiation differs at various latitudes and in different seasons. The actual solar radiation 

reaching the evaporating surface depends on the turbidity of the atmosphere and the presence of 

clouds which reflect and absorb major parts of the radiation. When assessing the effect of solar 

radiation on evapotranspiration, one should also bear in mind that not all available energy is used 

to vaporize water.  Part of the solar energy is used to heat up the atmosphere and the soil profile.  

3.3.4 Wind speed 

Wind speed plays a role in controlling the evapotranspiration rates by influencing the moisture 

gradient. Evaporation has a direct relation with the wind speed. As water vaporizes into the 
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atmosphere, the boundary layer between earth and air becomes more and more saturated so that the 

water vapor has to be removed and replaced with drier air continuously. Moisture -laden air is 

forced to rise over a mountain barrier, producing more rainfall on the windward side than on the 

leeward side. 

3.3.5 Relative humidity 

Relative humidity and evapotranspiration are closely related because if the relative humidity is 

close to its holding capacity, the ability of plants to transpire may be inhibited. The higher the 

relative humidity, the slower the evaporation rate; the drier the air above the surface, the faster the 

evaporation. So the seasonal trend of evapotranspiration within a given climatic region follows the 

seasonal trend of solar radiation and air temperature. Minimum evapotranspiration rates generally 

occur during the coldest months of the year; maximum rates, which generally coincide with the 

winter season, when water may be in short supply. The relative humidity (RH) expresses the degree 

of saturation of the air as a ratio of the actual (ea) to the saturation (e° (T)) vapor pressure at the 

same temperature (T) is: 

�� = 100 ��
�0(�) 

3.3.6 Evapotranspiration 

Evapotranspiration is the process in which water is returned to atmosphere by a combination of 

evaporation and transpiration. The principal weather parameters affecting the Evapotranspiration 

are radiation, air temperature, humidity and wind speed. Estimation of evapotranspiration is one of 

the major hydrological components for determining the water budget and is becoming 

indispensable for the calculation of a reliable recharge and evaporation rate for the groundwater 

flow analysis. It is therefore, reliable and consistent estimate of evapotranspiration is of great 

importance for the management of water resources efficiently. Evapotranspiration is two types: 

potential evapotranspiration and actual evapotranspiration.  

3.3.6.1 Potential evapotranspiration 

Potential evapotranspiration is the water loss that will occur under given climate condition with no 

deficiency of water for the vegetation or is an amount of evaporation that will occur if a sufficient 

water source is available. Although there are various methods used to estimate potential 

evapotranspiration; two methods, Penman or combination approach and Thornthwaite approach are 

discussed here for training purposes. 
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Penman combination method 

Penman use standard climatological records of sunshine, temperature, humidity and wind 

speed    to calculate evapotranspiration. The physical principle used by Penman combines 

the mass transfer (or aerodynamic) method and the energy budget method. The basic 

equation for calculating PET from vegetated surface is:- 

1+∆
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Where PET is potential evapotranspiration (mm), HT, the available Heat, calculated from 

incoming (RI) & outgoing (Ro) radiation determined from sunshine records, temperature and 

humidity, Eat, the Energy for evaporation based on the air humidity and air temperature, the 

subscript t  signifies inclusion of transpiration effects, ∆, The slope of the curve of saturated vapor 

pressure against temperature corresponding to the air temperature, γ , The reflective coefficient for 

incident radiations or the Albedo of the basin that depends on the nature of the surface. 

Thornwaite Method 

Thornwaite formula for calculating PET is based on temperature with an adjustment being 

made for the number of daylight hours (Shaw, 1988).The equation for calculating PET on 

monthly base is given by:- 
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Where m is the month 1, 2, 3…12, and  mN  is the monthly adjustment factor related to hours of 

daylight, mT
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 is the monthly mean temperature 0C ), 
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3.3.6.2 Actual Evapotranspiration 

Actual evapotranspiration is the amount of water that actually returns to atmosphere depending on 

the availability of water. Actual evapotranspiration depends on land use/land cover, soil type and 

its texture. So it is used to describe the amount of evapotranspiration that occurs under field 

conditions. 

3.3.7 Rainfall and runoff relationship 

In most of the area precipitation is the main source of recharge and direct runoff within a given 

catchment. Due to this exchange, surface runoff may increase during rainy season and may get 

decreasing during dry season. This gaining and losing mechanism is common in most of the humid 

region as the water level of surface water fluctuates with the amount of rainfall in the region. 

Groundwater and surface interaction is as a function of topography, geology, structural 

geology and hydrologic system in the area. So it is natural to interchange some amount of 

water among their catchments depending on the governing factors of groundwater flow. 

Many streams and big rivers drain the basin annually might be the manifestation of this 

exchange system surface water and groundwater. The relation is defined by the runoff 

coefficient, is the ratio between runoff over a certain period of time and precipitation over 

the same period. 

 �" = #
� 

 

Where Rc= runoff coefficient, Q=runoff over a period, expressed in mm over the basin area, P = 

precipitation over the same period 
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4 GEOMORPHOLOGY AND HYDROGEOLOGY 

4.1 General 

Employing systematic hydrogeological mapping is very essential part of groundwater 

assessment to understand the spatial distribution of groundwater resource, aquifer system, 

aquifer geometry, local and regional structures that control circulation of groundwater, 

recharge and discharge  zones ,geological and geomorphological setting which are directly 

or indirectly control the occurrence and potential of subsurface water. Even though 

groundwater is extensively exploited for public and domestic use in different parts of the 

country, there is no any comprehensive resource maps that indicate the exchange rate 

between the replenishment and withdrawal to regulate and avoid groundwater mining.     

4.2 Geomorphology 

Understanding of the geomorphology of the study area is very important to get the overall 

picture of regional geology, structures, and their associated drainage patterns and today's 

modified topographic setting and its history of erosion in the region. Geomorphological 

investigations include delineation and mapping of various landforms and drainage 

characteristics. These contribute significantly in deciphering areas of groundwater recharge 

and their potentiality for groundwater development. 

4.2.1.1 Landforms and Drainage developed in crystalline rock terrains 

The commonly developed landforms in crystalline rock terrains are structural hills, inselbergs, 

pediments, buried pediments, erosional valleys and valley fills.  

Structural Hills: The morphology of structural or residual hills is controlled by large-scale rock 

structures and lithology. They evolve by the combined processes of tectonism and denudation. 

Since the rocks in this unit are hard and compact, they act as run-off zones; limited infiltration can 

take place along the weak planes like faults, fractures and joints. The groundwater may discharge 

as springs or seepages along the narrow valley portions, and the groundwater availability in general 

is very poor. 



Training manual                                                                      

 ~ 31 ~ 

Inselbergs: These are small residual hills which stand in isolation above the general level of the 

surrounding erosional plains. Similar to the structural hills, they have negligible groundwater 

potential due to the small recharge area, steep slopes and low permeability of rocks. 

Erosional Valleys: These occur within the structural hills as narrow valleys, and the bedrock in 

the valleys is usually weak like phyllites. They have limited thickness of unconsolidated material 

and hence their groundwater potential is meagre. 

Pediment: A broad, flat or gently sloping, rock-floored erosional surface or a plain of low relief. 

Such features are typically developed due to the processes of denudation by the subaerial agents 

including running water in an arid or semi-arid region at the base of an abrupt mountain front or 

plateau escarpment. At many places, the pediment is covered by a thin veneer of colluvial material; 

the pediment has low moisture content. Groundwater potential of this unit is limited due to the thin 

depth of weathered material and greater water table fluctuation. Dug wells may not be very 

successful but bore wells may yield small quantities of water. However, pediments developed along 

lineaments may form potential sources of groundwater.   

Buried Pediments: Formed when the sloping surface of the pediment gets gradually covered with 

a thick mantle of soil and colluvial material. The thickness of overburden may reach 20–100 m. 

The buried pediments have greater moisture and denser vegetation than pediments. The water-table 

fluctuation is relatively less and the recharge area is large. Hence, they form potential zones for 

groundwater development by dug wells and bore wells. 

Valley Fills: A type of channel deposit developed by the process of deeper pedimentation, in an 

erosional environment in hard rock terrains. These are characterized by gentler slopes, greater 

moisture and denser vegetation. Therefore, the valley fills are the most important landforms for 

groundwater development in a crystalline rock terrain.  
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Figure 10: Schematic profiles of landforms in a crystalline rock terrain 

The drainage network shapes depend on surface geology and permeability characteristics of rocks. 

A dendritic drainage pattern is characteristic of massive crystalline rocks while rectangular/angular 

patterns are indicative of fractured rocks. Parallel patterns indicate steep slopes and often higher 

surface runoff. 

4.2.2 Landforms and Drainage developed in volcanic rock terrains 

A variety of landforms develop in volcanic rock terrains which are linked to the composition of 

lava and type of eruption. They also govern the hydrogeological characteristics of the terrain. 

Acidic lava is viscous, and therefore restricted in extent, often forming steep sided bulbous domes. 

Basic lava has a relatively lower viscosity and is commonly of a ropy type. It exhibits flow 

structures and possesses an oblate outline with flat topography. 

The central type of eruption is marked by sloping cones, calderas, vents and conical landforms. 

Eruptions of the fissure type are flatter near the center and become serrated along the periphery, the 

flows generally have a rough surface topography and discordant contacts with the bedrock. The 

lava flows are often interbedded with weathered and pyroclastic material and other neo-volcanic 

sediments. From a distance, on scarp faces, a number of flows may collectively impart the 

impression of rough sub-horizontal bedding. The landscape looks like a series of giant steps, each 

flow producing a steep escarpment and a flat top (mesa). This step-like topography is known as 

trappen in German from which the word trap is derived. These lava flows are associated with dykes 

which acted as feeding channels and now occur as extensive ridges which may form barriers for 

surface water and groundwater flow. 
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Figure 11: Formation of ‘mesa’ and dykes in volcanic terrain 

Lava tubes and tunnels are locally important subsurface features. A lava tube or tunnel is formed 

when the surface of a lava flow has cooled and hardened, but the interior remains more fluid and 

happens to drain out from beneath the solidified crust, leaving behind a tunnel-like void. 

Basalts typically exhibit columnar jointing.  Some of the columns have 4, 5, 8 or 10 sides, but the 

majority of them are near-perfect hexagons, about 30–50 cm in diameter. They are formed due to 

contraction of the cooling lava, forming prismatic patterns in the solidifying rock. As shrinkage 

continues, the joints extend through the rock mass resulting in the network of vertical joints causing 

anisotropy and strong vertical hydraulic conductivity in basalts. Lakes may be formed either due to 

closed depressions, viz. crater lakes, or also due to damming of river courses by lava flows. 

The drainage pattern is influenced by the type of eruption and rock characteristics; radial and 

annular drainage patterns are associated with a central type of eruption. Surface drainage, in 

volcanic rocks, increases with weathering and age; older lavas display high drainage density and a 

dendritic pattern. Surface drainage in young volcanic rocks, however, may be almost absent owing 

to high porosity and permeability. 

4.2.3 Landforms and drainage developed in carbonate terrains 

The development of karst landforms is governed by a number of factors such as, lithology, 

porosities (matrix and fracture), hydraulic conductivity, chemically active groundwater, proper 

drainage, palaeoclimates, tectonic movements and eustatic changes. Rock discontinuities facilitate 

the development of solution cavities. Karst development in dolomites is generally more subdued 

than in limestones due to slower dissolution kinetics as a result of which conduit systems are 
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generally less developed in dolomite aquifers (White 2007). Higher rainfall and humidity along 

with a higher concentration of CO2 promote karstification.  

The common landforms of karst areas developed in humid climates are sinkholes, karst cave, 

palaeokrast, and tower karst. Formation of sink holes can cause serious safety problems to surface 

structures viz. dams, reservoirs highways, pipe lines and vehicles. The process of subsidence gets 

accelerated by dewatering of mines. 

 

 

Figure 12: Sinkhole-a typical circular shaped depression formed 

 

Figure 13: Formation of different types of sinkhole by: a solution, b collapse, and c collapse and 
filling 

A karst cave is a solution opening in carbonate rocks that is large enough for human entry. The 

formation of caves and cavern passages are facilitated by the dissolution of carbonate rocks along 

the various systems of joints. The caves may be formed in the vadose zone or in the deep phreatic 

region.  
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Figure 14: Dere shek Husen Caves, Bale Zone 

Tower karst, also known as stone forest, is one of the most spectacular features of the karst terrains 

which is characterized by the development of residual hills or peaks separated by large depressions. 

Stone forest aquifers have very large lateral permeabilities but very small storage capacities as the 

aquifers are thin. This is responsible for large fluctuations in karst water discharge and alternating 

drought and flood hazards which are characteristics of these naked karst areas. Therefore, tower 

karst has rather poor development potential, though it is an important source of local water supply. 

4.3 Groundwater occurrence, economical and aquifer types, and aquifer 

parameter 

Geological structural features, nature of geological materials, mode of eruption, geomorphology, 

hydrology and climate control the occurrences and movement of groundwater in the area. Since the 

mode of occurrence, texture of the parent rock, thickness and permeability of the weathered layer, 

resistance to weathering, and fracturing of different rocks are quite different from each other, it is 

judicious to deal with the condition of groundwater occurrence of various lithologies separately. 

4.3.1 Groundwater occurrence in crystalline rocks 

Crystalline rocks include plutonic igneous rocks (granites, diorites, etc.) and metamorphic rocks 

(gneisses, granulites, quartzites, marbles, schists and phyllites, etc.). The plutonic igneous rocks, 

viz. granites, usually occur as large size intrusive bodies (plutons) while some other rocks, viz. 

dolerites and pegmatites, are of comparatively small size in the form of dykes and veins. 
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The weathered layer (regolith) and fractures are the main sources of groundwater supply in 

crystalline rocks. Thick and a really extensive weathered layer can form a potential aquifer. If there 

is a good and perennial source of recharge, even a thin layer of 5–7 m thickness can be a good 

source of water supply. The thickness, areal extent and physical characteristics of the weathered 

layer vary from one region to another depending on climate, topography, lithology, and vegetative 

cover. Similarly, the occurrence and movement of groundwater in massive crystalline rocks is 

mainly controlled by fractures and other discontinuities. Characterization of the fracture system is 

important in order to have a proper understanding of fluid flow and distribution of permeability. 

This involves identification of different sets of fractures based on their orientation (strike and dip), 

frequency, interconnectivity, aperture, nature of filling, continuity and shape etc. Open joints and 

fractures which are not filled with weathered or broken rock material form potential passages of 

groundwater movement but their permeability is greatly reduced when filled with clayey material 

such as smectite or montmorillonite. 

 

Figure 15: Idealized weathered profile in crystalline rock terrain. 
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Figure 16: Regolith section developed in the basement terrain 
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Figure 17:  Fractured Granitic Gneiss 

 

Figure 18: Cross cutting joints in granite (Source: GSE) 

4.3.2 Groundwater occurrence in volcanic rocks 

Groundwater occurrence and movement in volcanic rocks are controlled by (1) vertical and 

horizontal porosity and permeability owning to fractures and interconnected vesicular interstices 

which permit storage and movement of groundwater (2) occurrence of impervious layers and 

presence of dykes and sills which retard movement of groundwater and (3) presence of pervious 

and permeable interbeds between lava flows. In near horizontal beds, the part of rainfall that 

percolates beyond the soil zone is arrested by the impermeable layers and discharged as a serious 
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of springs along cliff faces. Vertical and inclined joints and other permeable zones establish 

interconnection between successive aquifers.  

 

Figure 19: Weathered and columnar jointed Basalt 

The more silicic varieties of volcanic rocks like rhyolite differ considerably with respect to water 

and as a rule they contain fewer large openings and do not have definite water-bearing horizons 

between successive flows (Menizer, 1923). They contain water in the upper weathered and jointed 

parts within the shallow layers and in faults or shear zones at greater depths. Obsidian, because of 

its glassy nature owning to rapid cooling, is apparently rendered more liable to fracture (Menizer, 

1923). 

Due to alternating sequence of permeable and compact horizons, groundwater in volcanic rocks 

occurs under perched, unconfined and confined conditions. Perched water occurs above the 

regional water-table due to the presence of impervious formations, viz. sills, ash beds and dense 

basalt flows. Water under confined conditions is reported where the previous lava beds are confined 

between impervious sedimentary beds (Stearns 1942; Fetter 1988). Confined conditions are also 

created when vesicular or fractured basalt is sandwiched between massive units (Singhal 1973). 

Dykes also cause lateral confinement of water forming compartments. The depth to the water-table 

varies depending upon the recharge and permeability of volcanic rocks, and the depth to the water-

table is considerable (>150 m) in areas where the basalts are highly permeable (Ollier 1969). The 

general velocity of groundwater in basalts is high, but not as high as in carbonate aquifers. 
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Figure 20: Rocks of Extensive and Moderately Productive Fissured Aquifers 

4.3.3 Groundwater occurrence in carbonate rocks 

The joints and solution passages and interconnected interstices in the carbonated rocks generally 

form a network of connected openings such that the water table is generally well-defined, expect 

in some karstic regions. With the zone of saturation, the superincumbent beds above a karstified 

horizon act as aquicludes, which together with the basal impermeable layer, effectively confine the 

groundwater. Solution activity in preferred directions render the aquifers anisotropic. Also because 

of stratification, the vertical permeability is considerably less than the horizontal permeability. The 

intersection of its horizontal bedding and vertical joints controls the movement and 

occurrence of the groundwater.  
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Figure 21: Different set of joints developed in micritic limestone (Source: GSE) 

 

Figure 22: Solution holes developed on Micritic limestone 

These networks of joints facilitate the formation of the karst where groundwater collected 

toward single channel and discharges as high yield springs. Due to deep circulation of water 

along extended joins of fractures it might serve the drainage of surface water during dry 

season as baseflow. 
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Figure 23: Vertical fractures intersect horizontal bedding at different space (Source: GSE) 

4.3.4 Groundwater occurrence in lithified clastic sediments 

Lithified clastic sediments are formed by consolidation of sand, silt, and clay deposited in almost 

all environments including marine, fluvial, deltaic, lacustrine and eolian. Important structural 

features that have a bearing on the depth and lateral extension of aquifers are inclination, folding, 

and faulting of strata. Stratification and facies variation are important lithological factors that 

control the occurrence, movement and availability of groundwater within the sequence of partially 

consolidated sedimentary deposits. In the more consolidated sediments that are too thoroughly 

cemented to yield significant quantities of water from their primary interstices, joints and fractures 

are what make them aquifer. The productivity of the consolidated sediments depends on the 

frequency, number and size of the joints and the extent to which these persist and interconnected. 
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Figure 24:  Highly weathered shale (Source: GSE) 

4.3.5 Groundwater occurrence in unconsolidated sediments 

4.3.5.1 Piedmont deposits 

Not all piedmont deposits contain aquifers. The occurrence of groundwater in the deposits depends 

on several factors such as the size of the catchment upstream of the cone and quantity of water 

discharged into the deposits, shape of the cone, structure, thickness and permeability of the deposits 

and the nature of the basement rocks. Extensive and thick zones of saturation can be expected in 

large cones built up at the mouth of perennial streams having large catchments furnishing debris 

for building up the cone. The upper fringe of the piedmont alluvial fans consisting of coarsest 

grades, commonly constitutes a single aquifer under deep water table condition. Downslope, the 

aquifer become finer-grained and split up admist clay and silt layers that act as aquitard and confine 

the groundwater in the lower aquifer. 
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Figure 25: Schematic section of alluvial fan, showing change of facies from the upper to the lower 
fan and the groundwater flow system. 

4.3.5.2 Valley fills 

Valleys that is lie between mountain ranges generally contain great deposits of rock waste that has 

been washed from the mountain by streams and sheet floods. These deposits, called valley fills, 

may attain a thickness of several hundred meters and encompass thousands of square kilometers. 

The valley fill consists of unconsolidated and imperfectly sorted materials comprising a clayey 

matrix embedded with pebbles and boulders and assorted materials chiefly of gravel and sand in an 

ancient river beds.  

Valley fill is very irregular in distribution, thickness and structure and in the productivity, head and 

quality of water , but in most places it yields some water and in some places very large supplies of 

satisfactory quality. The gravel beds are in a particularly favourable position to receive the water 

from the mountain streams and transmit it to all parts of the valley fill. 

4.3.5.3 Valley flat deposits 

The deposits of the valley flat include those laid down in channels and flood plains of river systems. 

Compared to the piedmonts, the deposits of the valley flat are better stratified, the bulks of the 

sediments consisting of gravels, sands, silts and clays. The percentage of silt and clay increases, 

conforming to the maturity of the river.  

The thickness of the valley flat deposits varies widely. Under average conditions they are thin, 

being less than the elevation difference at the valley head and the base level of erosion. They contain 

materials better graded and finer grained upward.  
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The channel sediments consists of interfingering layers of sand and gravel with subordinate 

amounts of silt and clay. The sediments are confined to a restricted stretch in the upper reaches but 

may attain a width of hundreds of kilometers in the downstream direction where the rivers meander 

in tenuous courses shifting across the valley by side-cutting and erosion of valley slopes. During 

floods, meander channels may be abandoned to form oxbow lakes. 

Flood plain deposits are those that are deposited during floods when the water overflows the banks. 

The coarser materials are deposited close to the banks, forming levees, and the finer ones in the 

plain beyond the levees.  With the falling stage of the river, large areas of still-water are left isolated 

from the trunk stream, forming the backswamp. Backswamp deposits may include stringers of 

coarser sediments reworked in channels of subsequent streams, or derived from tributary-streams 

originating from mountainous catchments or upper reaches of meander belts. Flood plain deposits 

may accumulate considerable amount of mineral matter, essentially salts of sodium and calcium 

due to the evaporation of water contained in soil and from open water bodies. This is so because of 

the fineness of sediments which favor capillary ascent of water through the soil from considerable 

depth of the water table. 

 

Figure 26: Schematic landform of Meskan Woreda 

4.4 Aquifer and their types  

Groundwater occurs in many types of geologic formations; those known as aquifers are of most 

importance. An aquifer may be defined as a formation that contains sufficient saturated permeable 

materials to yield significant quantities of water to wells and springs. This implies an ability to store 

and to transmit water. Aquifers are generally areally extensive and may be overlain or underlain by 

a confining bed, which may be defined as a relatively impermeable material stratigraphically 

adjacent to one or more aquifers. Aquiclude, Aquifuge and aquitard are some types of confining 

beds. An aquiclude is a saturated bed but relatively impermeable material that does not yield 
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appreciable quantities of water to wells. Aquifuge is relatively impermeable formation neither 

containing nor transmitting water. Aquitard is saturated but poorly permeable stratum that impedes 

groundwater movement and does not yield water freely to wells but through which appreciable 

leakage of water is possible.   

Aquifers vary in depth, lateral extent, and the thickness; but in general all aquifers fall into one of 

the following: 

4.4.1 Unconfined aquifer 

An unconfined aquifer is one in which groundwater possesses a free surface to the atmosphere. For 

this aquifer water table serves as the upper surface of zone of saturation while a less permeable or 

essentially impermeable layer defines its lower boundary. Unconfined aquifer is also known as a 

free aquifer, phreatic aquifer, water table aquifer, or non-artesian aquifer. 

4.4.2 Confined aquifer 

When aquifer is sandwiched between two layers of much less permeable material then it is called 

confined aquifer. For example, a sandy layer between clay layers, sandstone layers between two 

layers of shales etc. confined aquifers are completely filled with water and they do not have a free 

water table. They will have recharge are somewhere on the earth surface. Water levels in wells 

tapping confined aquifers sometimes rise above the surface to cause wells to flow. Rises and falls 

of the water levels in wells tapping confined or artesian aquifers correspond to changes in the 

pressure of the water. The imaginary surface to which water rises in wells tapping confined aquifer 

is called the piezometric surface. 
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Figure 27: Type of Aquifers 

4.4.3 Perched aquifer 

When a groundwater body is separated from the main groundwater by a relatively impermeable 

stratum of small areal extent and by the zone of aeration above the main body of groundwater it is 

called perched groundwater. Wells tapping groundwater from these sources yield only temporarily 

or small quantities of water. 

4.5 Aquifer parameters 

An aquifer has the ability to store and transmit water. The quantity of water stored by an aquifer 

and the quantity of water released by it depend on the nature and composition of the aquifer which 

are quantified through certain parameters like porosity, specific yield, storage coefficient, 

permeability and transmissivity. 

4.5.1 Porosity 

The ratio of volume of pore space, Vv to the volume of the formation V is called the porosity, 

usually denoted by n. Thus we have 
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$ = %&/% 

In unconsolidated materials, the porosity depends on the shape and size distribution of the particles 

and their packing arrangement.  

4.5.2 Specific yield 

The specific yield of an aquifer is the ratio of the volume of water which will drain freely from the 

material to the volume of the formation. Therefore,  

() = *)/% 

Where Wy is the volume of water drained and Sy is the specific yield. Values of specific yield 

depend on grain size, shape and distribution of pores and compaction of the formation. Specific 

yield of fine-grained aquifers will be small, while coarse-grained materials will have high specific 

yield. 

4.5.3 Specific retention 

The specific retention Sr is defined as the ratio of the volume of water retained Wr in the material 

to the total volume of the material, when a saturated material is dewatered. Thus 

(+ = *+/% 

Since Wr and Wy together constitute the total volume of water which is the total pore space, it is 

obvious that the specific retention and the specific yield are complimentary quantities whose sum 

represents the porosity of the aquifer. That means,  

$ = (+ + () 

4.5.4 Storage coefficient 

The storage coefficient S is defined as the volume of water that an aquifer releases from or takes 

into storage per unit surface area of the aquifer per unit drop of water table in the case of an 

unconfined aquifer and per unit drop of piezometric surface in the case of a confined aquifer. It also 

known as storativity.  

4.5.5 Permeability 

The permeability of a material is a measure of its capacity to transmit water or any other fluid 

through its interstices. The laminar flow principles are shown to be applicable for the flow of 

groundwater in aquifers by Darcy. Darcy’s law states that the rate of flow per unit area of an aquifer 
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is proportional to the gradient of the potential head measured in the direction of flow. Since the 

velocities are so small that the velocity heads are negligible the gradient of the potential head equals 

the hydraulic gradient.  

 

Figure 28: Experimental apparatus for the illustration of Darcy's law 

And since the flow rate per unit area denotes the velocity of flow, the Darcy’s law may be written 

as: 

& = -. ∆0
∆1  

Where the constant of proportionality K is known as the hydraulic conductivity of the coefficient 

of permeability, v is the velocity of water through porous medium, and i or ∆h/∆l is the hydraulic 

gradient. The negative sign indicates that the flow takes place in the direction of falling head. 

An alternative form of Darcy's law can be obtained by substituting Q for specific discharge as: 

# =  -. 20
21 � 

 

4.5.6 Transmissivity 

It is the product of the hydraulic conductivity K, and the thickness of the aquifer b and is expressed 

in units of m2/day. 

� = .3 
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4.6 Groundwater movement  

Groundwater moves very slowly in the aquifers under differential head. A groundwater in basin 

filled and the excess water is discharged by several ways until an equilibrium is reached. All the 

perennial streams are effluent through at least a portion of their length gathering contributions from 

groundwater. When water table is close to the surface, groundwater may be discharged by direct 

evaporation and transpiration.  Groundwater movement in aquifers is governed by the established 

hydraulic principle. The theory of groundwater movement is based on Darcy’s law. The rate at 

which such movement occurs is dependent upon two factors (1) on the ability of the porous medium 

to pass water through it, i.e. on the permeability (2) on the driving force or hydraulic gradient or 

head loss .The study of groundwater movement helps in predicting the yields from a well and effects 

of future pumping, evaluating aquifer parameters, defining aquifer boundaries, analyzing the salt 

water interaction problems, and surface – groundwater interaction etc. Geology, geological 

structures, geomorphology or topography are the major controlling factors of groundwater 

movement or flow rate and flow direction. Since Butajira area situated within the complex rift 

system, the groundwater circulation in the region may be controlled by these called fault, fractures, 

elongated lineament based on their orientation. It may be evaluated during the field survey how the 

structures and topographic setting of the area, directly or indirectly affect groundwater movement 

and direction. In some areas groundwater table coincide with topography 

 

Figure 29: Groundwater elevation and ground surface elevation 
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Figure 30: Groundwater elevation along Sululta toward Mugure Gorge (OWWDSE) 

 

4.7 Qualitative and quantitative description of hydro-lithology  

Data availability of groundwater and related water resources are significantly determine the quality 

and accuracy of groundwater assessment and success rate of resource development. Based on this 

hydro-lithology can be described ether qualitatively or quantitatively to evaluate their aquifer 

characteristics. Qualitative classification of the hydro-lithology is mainly depends on the mode of 

occurrence (topographic setting), texture and mineral composition of the rocks, degree of 

weathering and fracturing, aquifer geometry or lateral extent, water bearing thickness, and relative 

position to recharge sources. Hence, one lithologic unit may be classified to different aquifer 

types based on its specific aquifer characteristics and aquifer parameters. 

The quantitative parameters of the hydro-lithology is specific to the result computed from pumping 

test like transmissivity, hydraulic conductivity and storativity.    

Major hydro-lithologic units are:  

 Quaternary deposits or unconsolidated sediments 

 Volcanic rocks 

 Sedimentary rocks 

 Crystalline basement rocks (intrusive and metamorphic rocks) 



Training manual                                                                      

 ~ 52 ~ 

4.8 Water point inventory and field chemistry test 

A critical component essential to good groundwater resources assessment is the accurate and 

efficient collection and preparation of data for analysis. So that the main goal of the water points 

inventory carried out in the project area is to collect as much information as possible about 

groundwater sources via wells, hand dug wells and springs in the project area. The inventory 

package comprises of all information of productive as well as abandoned wells, hand dug wells and 

springs and surface water such as date of development and construction, drilling history, 

construction methods, pumping test activities and its results, water quality, topographic setting, 

geological and hydrogeological conditions of the area, discharge and recharge mechanism in the 

area, and for detail information they are compiled and stored in the database for farther analysis 

and interpretation. At national level, the Geological Survey of Ethiopia and Ethiopian National 

Groundwater Database (ENGDA) forms and methodologies have been employed to collect and 

record all necessary information during the field works and office works. Using some available kits 

like pH and EC meter field water quality will be conducted to as primary geochemical condition of 

groundwater with in the study areas. This may help to avoid redundancy in collecting water samples 

of the same chemical characteristics. 

 All these collected data should be rearranged in order to aid groundwater potential delineation, and 

for future planning and development. The reason why the information of unsuccessful well drilling 

and dug wells, dry spring history are recorded is to avoid making duplicate system of failures as 

well as to understand the past and present hydrological phenomenon in the area.  The location and 

depth of dry or low water-yielding wells or wells with poor quality water is important information 

to collect. This information when combined with geologic and hydrogeological mapping helps in 

determining what geologic formations are likely to provide or not provide groundwater. 

4.9 Quality of water 

Determination of the physical, bacteriological and chemical quality of water is essential for 

assessing the suitability of water for various purposes like drinking, domestic use, industries and 

agriculture. Besides, a study of the chemistry of water helps in interpreting the geological 

environment, source, direction and movement of groundwater, recharge-discharge relationships, 

climatic influence, presence of ore bodies, and in economical evaluation of mineral rich waters. A 

knowledge of water quality is also essential for rational management of water and land resources.  
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4.9.1 Expressing Water Analysis Data 

The concentration of the dissolved inorganic constituents in water is expressed in ionic form, while 

those salts which occur in undissociated or colloidal form, are reported as oxides or as an 

uncombined element. For example, the sodium concentration is expressed as cation Na+, iron is 

reported as the element Fe and, silicon as oxide SiO2. The concentrations of dissolved salts or ions 

in groundwater are usually expressed in parts per million (ppm) by weight. Parts per billion (ppb) 

or parts per trillion (ppt) are used in reporting concentration of trace elements. In weight per volume 

units, the concentration of ions is expressed in milligrams per litre (mg /l). The ppm and mg/l units 

are numerically almost the same, if the density of water is nearly 1.0, and the concentration of 

dissolved solids is less than 7000 mg/l. 

It is obvious to evaluate the water samples for their reliability and quality before using for 

farther analysis; therefore, among different technique to check reliability, ionic balance is 

the most frequently used to check whether the introduced error is due to sampling or 

laboratory analysis. The accuracy of chemical analysis of water samples can be checked 

by calculating the cation-anion balance, as the sum of the major cations should be equal to 

the sum of major anions expressed in meq/l. if it is not, so the analysis is either erroneous 

or incomplete. The percentage error (e) can be determined by: 
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In general the value of e should be less than 5% and certainly less than 10%. 

4.9.2 Water quality criteria for Irrigation use   

As the main objective of the groundwater assessment is to identify and indicate prospective 

potential groundwater and surface water source areas for irrigation purpose, it is mandatory to 

secure where the quality groundwater or surface water is available with sufficient amount of 

quantity in order to defined the development and implementation of groundwater and surface water 

for irrigation to curb the recurrent drought and to increase production and productivity. 

In this section we deal with water quality issues with respect to irrigation use. Quality criteria for 

irrigation use are based on the tolerance of plants, properties of soil, climate, and irrigation practice. 

Several chemical constituents effect the suitability of water for irrigation. Some of these are: 

• the total concentration of soluble salts (TDS); 
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• the relative proportion of sodium to calcium and magnesium (SAR); 

• concentration of boron; 

• the relative proportion of bicarbonate to calcium and magnesium 

4.9.2.1 Salinity hazard 

The salinity hazard increases the osmotic pressure of the soil water and restricts the plant roots from 

absorbing water, even if the field appears to have sufficient moisture. The result is a physiological 

drought condition. The salinity hazard is generally determined by measuring the electrical 

conductivity of the water in µS/cm. 

Table 1: US salinity Criteria 

 

4.9.2.2 Sodium hazard 

The sodium hazard relates to the accumulation of excessive sodium which causes the physical 

structure of the soil to breakdown. The replacement by sodium of calcium and magnesium adsorbed 

on clays results in the dispersion of soil particles. The soil becomes hard and compact when dry 

and increasingly impervious to water such that the plant roots do not get enough water, even though 

water may be standing on the surface. The sodium hazard of irrigation water is estimated by the 

Percentage of Sodium (%Na) and the sodium adsorption ratio (SAR). The SAR recommended by 

the salinity laboratory of the US Department of Agriculture (1955), directly reflects the degree of 

adsorption of sodium by soil and is defined by the following formula: 
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Figure 31: Wilcox diagram to show salinity and sodium hazard distribution of analyzed water 
samples 

4.9.2.3 Residual carbonate alkalinity 

Other water quality considerations for irrigation water include the bicarbonate and carbonate 

concentrations in water which effectively increase the sodium hazard by precipitating calcium and 

magnesium carbonates during soil drying, hence increasing the SAR, and the presence of toxic 

elements, particularly boron and chloride. RCA hazard is assessed as a difference of carbonates 

(CO3
--+HCO3

-) and Alkali earths (Ca++ +Mg++). Residual carbonate alkalinity is given by:   

�4� + 54678 8   +   (�46788)9 - (4�:: +   ;<::) 
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Table 2: 4.9.2.3 Residual carbonate alkalinity 

 

4.10 Recharge and discharge zones and mechanism 

Areas can be delineated into recharge and discharge areas depending on weather, water in these 

areas, is added to or abstracted from the zone of saturation. In the case of unconfined aquifer, 

usually the area occupying higher elevation with deeper water table constitute the recharge areas, 

whereas the topographic lows with shallow water table comprise natural discharge areas.  

Groundwater is a part of the dynamic hydrologic cycle, and water must somehow enter as well as 

leave the subsurface. Recharge to the subsurface is generally through infiltration – percolation of 

surface water (from rain, perennial streams, melting snow, etc.) downward into the soil. As the 

water percolates down through the soil, sediment, and rock, the percentage of the pore space that 

is filled with water (or the degree of saturation) increases until it reaches 100% (i.e. complete 

saturation). 

Just as water enters the saturated zone, it must eventually leave it. Movement of water out of the 

saturated zone is called discharge. Natural discharge can be through a spring, into the bed of a 

stream, lake or ocean, or via evaporation directly from the water table. Pumping of groundwater 

through wells – holes drilled into the ground for the purpose of accessing subsurface fluids – is 

another way that water discharges from the saturated zone. 

4.11 Hydrogeological Investigation 

The purpose of most hydrogeological investigations is to locate potential sites for development of 

adequate quantity of reasonably good quality groundwater for a particular use: domestic, irrigation 

or industrial etc. The quantity and quality criteria would depend on the local needs and the socio-

economic conditions of the people. Besides, groundwater investigation should incorporate the 

management and sustainability issues of the available groundwater resources due to various 

reasons. Now a days due to climate changes in the world and intensive expansion of industries and 

deforestation, it significantly hampers replenishment rate of the resources under its natural 

conditions. For this reason and others, conventional groundwater investigation should be designed 

to encompass systematic land use management and buffering critical areas for development. 

Hydrogeological investigations include geological, geomorphological, geohydrological, remote 
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sensing and geophysical studies. Finally, these all investigation findings are combined together to 

locate or identify groundwater potential areas. 

 

Figure 32: Spatial overlay analysis to delineate potential zones. 

4.11.1 Geological Investigations 

Geological investigations include surface mapping of different lithological units and their structural 

and geomorphological features. Aerial photographs and satellite images are preferred as base maps 

for geological and geomorphological mapping. The groundwater occurrence and movement mainly 

depend on the geology of the area. The type of terrain, rock formations, lithological, geological 

structures like lineament, fold, units, fault, joints and fracture system have to be studied in depth. 

Data about the thickness and composition of the weathered zone (regolith) is particularly important 

especially in crystalline rocks. In volcanic rocks, in addition to lineaments, attention should also be 

paid to the characters of individual flow units and interflow formations. In carbonate rocks, 

mapping of various solution (karst) features and springs are of special importance. Based on 

exploratory drilling and well log data, subsurface maps and sections, viz. fence diagrams, structural 

contour maps etc. are prepared to project the subsurface distribution and configuration of aquifers, 

aquitards and aquicludes (e.g. Walton 1970; Erdelyi and Galfi 1988). 

4.11.2 Geomorphological Investigations 

Geomorphological investigations include delineation and mapping of various landforms and 

drainage characteristics. These contribute significantly in deciphering areas of groundwater 

recharge and their potentiality for groundwater development. Geomorphic mapping can best be 



Training manual                                                                      

 ~ 58 ~ 

done from remote sensing data using satellite images and aerial photographs on suitable scales. 

Broadly, geomorphology described as different landform and drainage pattern. Drainage pattern is 

the spatial arrangement of streams, and is, in general, very characteristic of rock structure and 

lithology. The drainage patterns can be studied and mapped on topographic maps, aerial 

photographs as well as satellite images, on scales as per requirements. 

Landform is an end product of natural weathering. It depends on three main factors: (a) present and 

past climatic conditions, (b) rock types and their structural features, and (c) the time span involved 

in weathering. Genetically, the landforms are divided into two groups: (1) erosional landforms, and 

(2) depositional landforms. Erosional landforms are typically associated with the resistant hard rock 

terrains. They comprise: (a) residual hills, (b) inselbergs, (c) pediments, (d) buried pediments with 

weathered basement, and (e) valley fills. Depositional landforms are developed by depositional 

processes of various natural agencies, e.g. river, and wind etc. The depositional landforms are 

typically made-up of unconsolidated sediments and may occur in the regional setting of hard rock 

terrains.  

4.11.3 Geohydrological Investigation 

These include groundwater level measurements, estimation of hydraulic properties of aquifers and 

assessment of groundwater quality. Study of springs including their location, variability of 

discharge, chemical composition and temperature also provide useful geohydrological information, 

especially in carbonate and other fractured rocks. An observation well network is established for 

monitoring groundwater levels and groundwater quality. For estimating hydraulic characteristics 

of aquifers, pumping tests and tracer injection test are carried out. From groundwater development 

point of view, groundwater resources, both static and dynamic, are to be computed, and a 

management strategy for groundwater development has to be worked out. 

4.11.4 Remote sensing investigation  

Remote sensing, encompassing the study of satellite data and aerial photographs, is an extremely 

powerful technique for earth resources exploration, mapping and management. The Remote sensing 

data are found extremely useful in identifying the various geologic, geomorphic units, structures 

like faults, lineaments, joints, fractures, folds and drainage which are important since they control 

the movement and occurrence of ground water. 
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4.11.5 Geophysical Exploration 

Geophysical survey is carried out to ascertain the subsurface geological and hydrogeological 

conditions and aquifer characteristics. Various petro-physical properties utilized in geophysical 

exploration include electrical resistivity, electrical conductivity, density and elasticity (influencing 

seismic velocity), electrical permittivity (dielectricity), magnetic susceptibility, and radioactivity. 

Geophysical methods have the potential to predict distribution and flow of groundwater including 

sites of hazardous substances in a cost-effective manner. 

4.12 Hydrogeological map production and interpretation 

The purpose of hydrogeological maps is to enable various areas to be distinguished according to 

their hydrologic characteristics in relation to geology (UNESCO, 1983). The maps commonly 

depict surface water and groundwater resources on a base map showing topography and geology. 

Aspects that can be represented selectively on a hydrogeological map are: 

• Principal groundwater bodies (aquifer and non-aquifer); 

• Aquifer geometry, distribution and properties; 

• Artesian basin, potentiometric surfaces, direction of flow of groundwater, location of wells 

and springs, surface water sources, water quality, components of groundwater budgets, etc. 

• Contours of bedrock surfaces, attitude of aquifers and confining layers, traces of 

lineaments, faults, and major fractures  

The scale of the hydrogeological map should be commensurate to the information required to be 

represented and the purpose for which the map is compiled.  
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Figure 33: Hydrogeological map of Akaki Beseka clipped to Butajira area  



Training manual                                                                      

 ~ 61 ~ 

5 GEOPHYSICAL INVESTIGATION 

5.1 Introduction to Geophysical Investigation 

The study of the earth using quantitative physical methods, remote insight into the earth. We 

designate the study of the earth using physical measurements at the surface as geophysics.  In a 

broader sense, geophysics provides the tools for studying the structure and composition of the 

earth's interior.  

Geophysical methods comprise of measurement of signals from natural or induced phenomena of 

physical properties of sub surface formation. Various physical properties that are made use of in 

different geophysical techniques are electrical conductivity, magnetic susceptibility, density, 

elasticity & radioactivity.  

All ground water investigation requires the service of Geophysical method as it aids in determining 

the subsurface structure. Exploring the ground water by geophysical method is termed Ground 

water geophysics which is our main concern.  

Geophysical methods with their corresponding instruments used in ground water exploration: 

• Electrical method-Resistivity meter 
• Electromagnetic method-EM meter 
• Seismic method-Seismometer 
• Magnetic method-Magnetometer 
• Gravity method-Gravimeter 

However for this training we will emphasize on the most widely used hydrogeophysical method 

employed for groundwater investigation the electrical resistivity method. 

5.2 Electrical Prospecting Methods       

Electrical methods of prospecting include a large group of geophysical techniques employed for 

investigating the electrical fields of the earth.  Such fields are generated in the earth naturally or 

artificially by generators or batteries. The distribution & intensity of electrical fields depend on the 

source of excitation as well as upon the electrical properties & geological structures in the region. 

The different electrical properties that influence electrical fields are primarily the resistivity ρ, the 

dielectric permeability μ & magnetic permeability ε.  Electrical parameters vary depending upon 

the lithology & more influenced by the presence, content & quality of water. 

The methods to measure the subsurface resistivity by DC current injection are all based on the same 

principle. A current (I) is sent in the ground through two electrodes (denoted A and B-electrodes 

connected to the transmitter part). The current creates an equipotential distribution making it 

possible to measure a potential difference (ΔV) between two other electrodes, denoted M and N - 
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electrodes connected to the receiver part). An apparent resistivity is then defined by: ρa = K (ΔV/I) 

where K (geometric factor) only depends on geometric array of electrodes in the field and expressed 

by:  

K = 2π  / |AM-1 - AN-1 - BM-1 + BN-1| 
 

There are different electrode arrangements for measuring the potential difference, which are 

uniquely used for different purposes in exploration techniques. The various configurations only 

differ by the position of the electrodes with K assuming a more specific expression. The most 

popular among them are Wenner (1915) and Schlumberger (1920) configurations. These are done 

with vertical electrical sounding and profiling approaches aimed to determine hydroelectrical 

parameters and contacts of the subsurface earth. 

5.3 Data Acquisition and Instrumentation 

There are several types of instruments on the market. The most common ones used for groundwater 

application are Terameter Mark SAS 300, 1000, 4000, OYO, Syscal, DZA multifunctional 

resistivity and IP meter and others portable integrated resistivity meter with their accessories 

powered by 12v battery. 

Before conducting geophysical surveying, initial conceptual view of the geology and 

geomorphology of the area is vital. For this the working team tried to investigate the local 

hydrogeological and geomorphological set up before selecting the specific site for running 

geophysical surveying.  

In the study surface electrical resistivity surveying is employed. The specific approach called 

Vertical Electrical Sounding (VES) and/or electrical profiling are used for investigation. The 

Schrumberger array and/ or Wenner sounding (arrangement) is used to introduce current into the 

ground. This method is the most widely used for groundwater investigation. It also makes the 

investigation easier and fast as compared to other arrangements and makes data processing and 

integration much simpler.  

The VES and profiling are done by injecting current into the ground through stainless steel 

electrodes and then after the resistance of the earth material is measured during the passage of the 

current simultaneously.  

The sounding apparent resistivity values at different offset points (for VES) are plotted in the field 

on a log-log paper to control the data quality. The maximum offset distance of current electrodes 

should be chosen systematically to attain a reasonable depth of investigation. Generally to an 

average depth of 0.3 times current electrodes spacing will be attained.          
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Figure 34: Schematic diagram showing two current (AB) and two potential electrodes (MN) 

5.4 Data processing, Interpretation and Presentation 

The sounding data collected in the field will be processed and interpreted with artifacts of electrical 

resistivity software’s such as IPI2win and WinResist supported by other geoscientific softwares. In 

this process the number of layers, their thickness and resistivity of the multiple earth layers are 

approximated. The layer parameters obtained have been used as a model in an iterative least squares 

inversion program.  

Due to the problems of equivalence and superimposition, there may be more than one computer-

generated curves or solutions for the VES points. Thus in order to arrive at accurate and reasonable 

conclusion, VES surveys are    conducted and interpreted in terms of the knowledge of the local 

geology, existing borehole logs, thermal nature of the area, regional geology and hydrogeology. 

The interpreted true resistivity, thickness and depths of each lithology are presented in the form of 

tables and figures. Finally, the interpreted electrical parameters of the subsurface are presented in 

the form of Resistivity curves, Pseudo Electrical Cross-Section and geo-electrical sections. 
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6 DATA MANIPULATION AND ARCHIVING 

6.1 General 

Spatial and non-spatial data manipulations using geospatial techniques and the Multi-Criteria for 

the thematic area maps helpful to localize the potential areas where to explore the occurrence of 

groundwater, with a reduce time consuming, and high rate of success. These thematic maps, deeply 

integrated with a field survey, permit to known and to use: the climatic, geomorphological, 

hydrogeological, geological and pedological features of the investigated area, including the land 

use/land cover of the terrains. These maps and the field  data are the keystones (1) to identify the 

best target areas for ground water exploration (2) to realize a productive well with a good yield, 

good water quality and a long life span of the well as well. 

The number of sources for information on ground water used to locate groundwater resources, has 

multiple rapidly in the past several publication are available that adress ground water from a 

scienticife points of view. Archiving ground water studies and avilable data in the basin at 

reconnaissance, semi-detailed and detailed level , which are country wide, basin wide and site 

specific documents uses for reviewing and analyzing and summarizing during the desk work. For 

example, exhaustive gathering and compilations of background data/information and Map/ 

including DEM, Topo, geological and Hydrogeologic maps studies. Base on these gps and  

limitation will be identified.   

On desk work, base map of the basin/target area will be prepared at different scale (for example, 

location map, slope and contour map of the basin).  In line with this tasks review of previous study 

reports will be carried out. The existing information and all the available secondary data must 

collect concerning water resources. All of the water resources data are integrated into GIS 

environment and excel spread sheet database. 
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6.2 Quality and type of data 

The data required for carrying out the shallow ground water study can be enumerated as follows: 

• Rainfall data : Monthly rainfall data of sufficient number of stations lying within or 

around the study area should be available. The location of raingauges should be marked 

on a map. 

• Land use data: Land use data are required for estimating the land use unit area coverage 

through the area. Type of land use data are necessary for estimating the spatial and temporal 

distributions of the features.  

• The remote sensing data use for the study are Landsat Thematic Mapper and avilable data. 

Primary data derived will geomorphology, drainage density, lineaments and slope.  

• Geological database from GSE and MoWR and regional bureus 

• Tabular well databse (A complete inventory of the wells operating in the area, their running 

hours each month and discharge are required for estimating ground water withdrawals. If 

draft from wells is not known, this can be obtained by carrying out sample surveys. 

• GPS for points and rout collection are use for locating important features on the ground. 

The quality of spatial data for the groundwater potential assessment will performed in terms of 

accuracy assessment. The accuracy will be calculated in the GIS environment by overlaying the 

spatial data on existing map and satellite imagery and/or aerial photographs. These will be used for 

evaluating the data under different hydrogeologic settings.  

6.3 Generating primary data and interpretation, develop a site base map 

using GIS 

Generating primary data is based on field hydrogeologic study using field surveys and observations 

on geology, geomorphology, structures, groundwater outcrops and indicators, water point mapping, 

water quality analysis and other relevant assessment. Then, field geologic mapping of areas can be 

identified for the study area, undertake water point mapping and analysis of water wells and water 
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sources in the study areas. For all thematic area separate GIS database and maps will be produced 

for the analysis work. 

Supporting the primary data collection, a geo-referenced digital/hard copy base map with legend 

like drainage, towns, road, contours and slope, etc., is required that could be used as a reference 

map. For this study, the digital base map of the area linked with an attribute table will be prepared 

using GIS software. Geographical coordinate system with WGS 84 datum will be used to generate 

all the thematic layers in GIS environment. 

The GIS-based multi-criteria evaluation procedures carried out involve a set of geographically 

defined alternatives and a set of evaluation criteria represented as map layers. The overlay criteria 

of these properties are evaluated independently prior to jointly ranking them followed by multi 

criteria overlay analysis in GIS.  

6.4 Economy invested on data and its economical implication 

To maximize the quality and the reliability of the data, geological, structural and hydrogeological 

maps, are realized before the subsurface investigation. This standard approach is not possible for 

most areas, because the available geomorphological, geological, hydrogeological and pedological 

studies and related maps are usually few or even absent. With this scenario, the Remote Sensing, 

the Geographic Information System and the Multi-Criteria analysis, are the only low-cost tools, 

which can permit to elaborate  all the thematic maps helpful to localize the potential areas where to 

explore the occurrence of groundwater, with a reduce time consuming, and high rate of success. 

6.5 How data is resourceful and beneficial to connect past, present  

The current trend is toward a better distribution of technical tasks and a better adaptation of 

available tools for example, most useful application of GIS in resource data analysis is to overlay 

various thematic maps to derive useful results helps to find appropriate solutions to real world 

problems. The availability of data in archives with historical data which in most cases is the only 

means to conduct long term historical studies and analysis of the evolution of natural resources. 
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7 WATER RESOURCE MANAGEMENT 

Scientific study of water resource has not yet intensive and advanced in the study area. The 

understanding of water resources in the study area is more of traditional and nowadays some 

researchers conduct scientific studies for their fulfillment of degree. Regional groundwater 

investigations carried out in the study area are based on the scarce and erratic water wells. The 

primary data required to investigate water resource potential are not well documented. The amount 

of water that extracted from an aquifer and surface water without causing depletion is primarily 

dependent upon the amount and rate of recharge. 

 Quantification of the rate of natural recharge is a basic pre-requisite for efficient ground water and 

surface water resource management. However, graduate students and other researchers have tried 

to quantify water based on short time records and limited available groundwater data. Hence, 

groundwater investigation is more dependent on qualitative data rather than quantitative data. 

Because of this it is difficult to estimate the amount of water to be used for domestic and intensified 

irrigation purpose and predict possible methods of managements. 

 Now a day due to climate changes in the world, the rainfall pattern retarded the increasing grows 

of agriculture, water supply and hydroelectric power which are play a great role in the economic 

development of the country. Wetlands, natural springs and surface waters are drying now a day. To 

overcome these problems and for sustainable development proper land use management and 

development of both surface and groundwater resources is very important. Quantity of water has 

equivalent significant to good quality of the water, unless otherwise exploration and development 

should be zero sum values. 

Groundwater monitoring (level and water quality) needs to be established and/or strengthened. 

Hydrogeological knowledge needs to be gained and/or further developed including sustainability, 

climate-resilience, recharge-mechanisms and vulnerability of groundwater resources to enable 

authorities to make evidence-based decisions when issuing permits ensuring a long-lasting and 

good-quality access to groundwater. 
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ANNEX 

Annex 1 Practical geological and hydrogeological field investigation 


